(208 kg) with "T" cannulas in the rumen and proximal duodenum were used in a 4 x 4 Latin square design experiment to evaluate the interaction of feed intake level on comparative ruminal and total tract digestion of dryrolled and steam-flaked corn. The basal diet contained (DM basis) 6% alfalfa hay, 6%' sudangrass hay, 75% corn, 2% yellow grease, 5% cottonseed meal, 3% cane molasses, and 3% supplement. The corn portion of the diet was provided as either dry-rolled (density = .54 kg/L) or steam-flaked (density = .36 kg/L). Dry matter intake was restricted to allow for .64 vs 1.28 kgld of weight gain ( 1.6 vs 2.4% of BW). Ruminal digestibility of OM, starch, and feed N were not affected ( P > . l o ) by DMI. Postruminal digestion of OM and N and total tract digestibility of OM and DE decreased ( P < .05) as DM1 was increased. Total tract starch digestibility was not influenced ( P > .lo) by DMI. Steam flaking corn increased ( P < .05) ruminal digestibility of OM and starch and postruminal and total tract digestibility of OM, starch, N, DE, and ME. Increasing DM1 and steam flahng decreased ( P < .05) ruminal pH and molar proportion of acetate. It is concluded that corn processing is the primary factor influencing site and extent of starch digestion. Decreasing DM1 increases DE value of the diet; however, ME value is not affected because of increased energy loss as methane.
Introduction

Materials and Methods
Restricting growth of feedlot calves for some period of time prior to finishing is a production tool implemented by cattle feeders to achieve heavier carcasses with acceptable yields. Traditionally, growing diets are high in forage. The intent is to selfrestrict energy intake, and consequently weight gain, via physical limits of the digestive tract. In recent years, however, the comparatively high cost of forage as a source of energy as compared to grain has contributed to increasing popularity of restricted feeding of high-energy diets for growing feedlot calves. This practice has raised concern over the relative merit of grain processing when DM1 is restricted (Lake, 1987) . The objective of the present study was to evaluate the influence of DM1 on the comparative feeding value of dry-rolled (DR) vs steam-flaked Four Hoistein steers (208 kg) with " T cannulas in the rumen and proximal duodenum (Zinn and Plascencia, 1993) were used in a 4 x 4 Latin square design experiment to evaluate the interaction of level of feed intake and corn processing on characteristics of digestion. Dry-rolled corn was prepared by passing corn through rollers (46 x 61 cm corrugated, Memco Mill Rolls, Mill Engineering & Machinery Co., Oakland, CA) that had been adjusted so that approximately 95% of the kernels had been broken (density = .54 kg/L). Steam-flaked corn was prepared as follows. A chest situated directly above the rollers was filled to capacity (441 kg) with corn and at atmospheric pressure brought to a constant temperature of 102°C using steam for approximately 34 min. The tension of the rollers was adjusted to provide a flake with a density of approximately .36 kg/L ( 2 4 lbhushel). The SF corn then was allowed to air-dry ( 5 d ) before beginning the trial. There was no visual indication of spoilage during the drying period and subsequent storage. Dry matter intake was restricted to allow for projected daily weight gains of .64 or 1.28 kg. This was accomplished using the following equation:
The equation was derived from NRC (1984) prediction equations for NE requirements for maintenance and gain based on live weight and live weight gain of medium-framed steer calves. The maintenance coefficient was increased 9% to account for the higher maintenance energy expenditures of Holstein vs conventional beef breeds (Garrett, 1971) . Diet NE values used in projecting feed allotments (Table 1)  were based on tabular values (NRC, 1984) of individual feed ingredients with the exception of fat (yellow grease), which was assigned a value of 6.20 and 4.53 Mcal/kg, respectively, for NE, and NE, (Zinn, 1988a) . Composition of the basal diet is shown in Table 1 . A target daily weight gain of 1.24 kg was selected for establishing the higher DM1 because it reflects the ADG of Holstein steers within the weight range of 118 to 477 kg (Zinn, 1987b) . Chromic oxide powder (.33% of diet DM) was used as a digesta marker. Steers were individually maintained in slotted-floor pens (7.6 m2) with ad libitum access to water. Diets were fed at 0800 and 2000 daily. (Bergen et al., 1968) . Samples were subjected to all or part of the following analysis: DM (oven drying at 105°C); ash, Kjeldahl N (AOAC, 1975) ; ammonia N (Fawcett and Scott, 1960) ; GE (adiabatic bomb calorimeter); purines (Zinn and Owens, 1986) ; chromic oxide (Hill and Anderson, 1958) ; starch (Zinn, 1989a) ; and ADF (Goering and Van Soest, 1970) . Microbial OM (MOM) and N ( M N ) leaving the abomasum were calculated using purines as a microbial marker (Zinn and Owens, 1986) . Organic matter fermented in the rumen (OMF) was considered equal to OM intake minus the difference between the amount of total OM reaching the duodenum and MOM reaching the duodenum. Feed N escape to the small intestine was considered equal to total N leaving the abomasum minus ammonia N and MN and, thus, includes any endogenous contributions. However, endogenous contribution to the total passage of non-ammonia N (NAN) to the small intestine seems to be small (Beever et al., 1974) . Methane production was calculated based on the theoretical fermentation balance for observed molar distribution of VFA and OM fermented in the rumen (Wolin, 1960) . Primary assumptions are that VFA, C02, and methane are the sole end products of fermentation and that glucose represents the fermentable substrate (OM fermented is expressed as glucose equivalent). Endogenous urinary energy loss was estimated as .10Wkg.50 (derived from Brouwer, 1965 and NRC, 1984) . Net energy values were derived from ME values using the conversion equation of Garrett ( 1980) as published in NRC (1984) . The comparative DE, ME, NE,, and NE, values (megacalorieskilogram) for SF corn were determined using the replacement technique. Given that the DE, ME, NE,, and NE, values for the DR corn used in the replacement are 3. 97, 3.25, 2.24, and 1.55 Mcal/kg, respectively (NRC, 1984) , and that 75% of the diet was corn, the corresponding energy values for SF corn were calculated as follows:
The trial was analyzed as a 4 x 4 Latin square design experiment (Hicks, 1973) . Dry matter intake and corn processing treatments were superimposed in a 2 x 2 factorial arrangement. The statistical model for the trial was as follows:
where Y i j~ is the response variable, Ai is the animal effect, Pj is the period effect, Ck is the corn processing effect, I1 is the DM1 effect, CIu is the corn processing by DM1 interaction, and E i j~ is the residual error to test ck, 11, and CIH.
Results and Discussion
The main effects and interactions of DM1 and corn processing on characteristics of ruminal and total tract digestion are shown in Table 2 . Decreasing DM1 from 4.9 to 3.4 kg/d (2.4 to 1.6% of initial BW) decreased ( P < .05) flow of OM and starch to the small intestine but did not alter ( P > .lo) percentage of ruminal OM or starch digestion. Substitution of SF for DR corn in the diet increased ( P < .05) ruminal OM digestibility of the diet 14.2%. Dry matter intake seemed to have a greater effect on ruminal OM and starch digestibility of the SF corn diet (Table 2) . Zinn and Owens (1983) observed an increase in ruminal OM digestibility with decreasing DM1 in steers fed an 80% DR corn-based diet, primarily between DM1 of 1.2 and 1.8% of BW. Galyean et al. ( 1979) also noted an increase in ruminal OM digestibility with decreasing DM1 in steers fed a 90% DR corn-based concentrate diet. Consistent with Zinn and Owens ( 1983) , all of the overall increase in digestibility occurred at lower DM1 (between .9 and 1.5% of BW). In contrast, Rahnema et al. (1987) fed a 90% SF milo-based diet to steers and did not observe a change in ruminal OM digestibility by reducing DM1 from 1.5 to 1.1% of BW. Cole et al. ( 1976) observed ruminal starch digestibilities of 71.7 and 91.6%, respectively, for DR and SF corn (in mature steers consuming 1% of their BW). The value for DR corn is consistent with the average value of 70.6% ruminal starch digestion observed in the present study (Table 2) , but the value for SF corn is higher than the 88.8% digestibility value we observed. There seems to be less variation in ruminal starch digestibility of DR corn (ranging from 70 t o 76%) than in ruminal starch digestibility of SF corn (ranging from 78 to 91%; Zinn, 1987a Zinn, , 1988a . The basis for the variation may be due, in part, t o greater susceptibility of SF corn to changes in DMI, to differences in level and sources of forage in the diet, and t o differences in degree of corn processing (Zinn, 1989a) .
Ruminal digestion of ADF and feed N was not affected by DM1 or corn processing (Table 2 ) . Rahnema et al. ( 1987) also reported no change in ruminal degradation of feed N with decreasing DMI. However, Zinn and Owens (1983) observed a linear increase in percentage of ruminal feed N degraded with decreasing DMI. The decrease in feed N digestibility was positively associated with a decrease in ruminal ADF digestion that reached 0% at the highest DM1 (2.1% of SW). Their diet contained 20% forage that consisted of 30% dehydrated alfalfa pellets and 70% cottonseed hulls. Soybean meal was the primary source of supplemental N. As shown in Table 1 , the diets used in the present trial contained 12% forage that consisted of 50% chopped alfalfa hay and 50% chopped sudangrass hay. Urea was a primary source of supplemental N.
There was an interaction ( P < .05, Table 2 ) between corn processing and DM1 on NAN flow to the small intestine. At the low DM1 NAN flow to the small intestine was higher for the DR than for the SF corn diet, whereas at the higher DM1 the reverse was observed. This effect seems to be related t o a concomitant interaction ( P < .05, Table 2 ) between corn processing and DM1 on ruminal microbial efficiency (MNEFF, grams of microbial Nkilogram of OM fermented in the rumen). With the DR corn diet, MNEFF decreased 28% with increasing DMI, whereas with the SF corn diet MNEFF increased 15% with increasing DMI. With the DR corn diet, the variation in MNEFF could be explained by differences in ruminally digestible OM intake. In contrast, with the SF corn diet ruminally digestible OM explained very little of the variation.
It is generally considered that MNEFF is favored by increasing ruminal dilution rate (Isaacson et al., 1975) and positively related to DM1 (Kennedy and Milligan, 1978; . However, Zinn and Owens ( 1983 ) observed a cubic response to DM1 on MNEFF. Microbial efficiency was increased by increasing DM1 from 1.2 to 1.8% BW but decreased when DM1 was increased to 2.1% of BW.
At the highest DM1 a ruminal N deficit (ruminally degradable feed N -net microbial N synthesis) of 15 g/d was observed. The cubic nature of the DM1 response was thought to be due to an inability of ruminal N recycling to accommodate the deficit. In the present study, however, the apparent ruminal N deficit was greater ( 15 vs 8 g/d) for the DR corn diet at the lower (1.6% of BW) vs higher (2.4% of S W ) DMI. One could postulate that the comparatively high value for MNEFF with the DR corn diet at the low DM1 is simply a problem with the microbial marker. Nevertheless, assuming that the degradability of the non-urea feed N was at least equal to that observed for the DR corn diet at the higher DM1 ( 5 5 . 8 % ) , then the MNEFF would be estimated to be 32 g k g of OM fermented, in close agreement with the observed (34 g/kg of OM fermented, Table 2 ). The influence of DM1 and corn processing on ruminal pH, ammonia, and VFA concentrations 4 h postprandial is shown in aDry-rolled corn-based diet (DR), steam-flaked corn-based diet (SF). 'Feed intake was programed t o allow for .64 (low intake) or 1.28 (high intake) kg/d live weight gain. 'Corn processing effect, P < .05. dLevel of intake effect, P < .01. eLevel of intake effect, P < .05. fcorn processing effect, P < .01. Worn processing effect, P < .lo. hCorn processing by level of intake interaction, P < .05. !Corn processing by level of intake interaction, P < .lo. JCorn processing by level of intake interaction, P < .01.
kMicrobial N, g/kg of OM fermented. lDuodena1 non-ammonia N/N intake.
mLevel of intake effect, P < .lo. aDry-rolled corn-based diet (DR), Steam-flaked corn-based diet ( S F ) . bFeed intake was programmed to allow for .64 (low intake) or 1.28 (high intake) kg/d live weight gain.
T o r n Drocessine effect. P < .01. dLevel'of intakg effect,' P < .05. eCorn processing effect, P < .05.
fLevel of intake effect, P < .lo.
Worn processing effect, P < .IO.
hMethane, moVmol of glucose equivalent fermented.
1981). However, the magnitude of the response to DM1 seemed ( P > .lo) to be greater with the SF corn diet. The decrease in estimated methane production (moles/mole of glucose equivalent fermented) with increasing DM1 was 6.8% for DR corn and 32.0% for the SF corn diet.
Steam flaking, as opposed to DR corn, decreased ruminal pH ( P < .O l), molar proportions of acetate ( P < .05), and estimated methane production ( P < .Ol) and increased molar proportions of propionate ( P < .05). These results are consistent with previous trials comparing DR and SF corn diets (Johnson et al., 1968; Zinn, 1987a) . Increasing DM1 reduced ( P < .05) postruminal digestion of OM (6.0%) and N (4.0%).
However, consistent with previous studies , postruminal digestion of starch was not affected. Postruminal ADF digestion was also similar across DMI.
The basis for the apparent decrease in postruminal N digestion with increased DM1 is uncertain. The result contrasts with that of Zinn and Owens ( 19831, whereby postruminal N digestion was found to increase linearly with DMI. If it is assumed that true digestibility of non-urea feed N is 92% (Harris et al., 1972) and that the digestibility of microbial N is 73% (Zinn and Owens, 1981) , then the expected postruminal N digestibility for the low and high DM1 would be 75.0 and 76.5%, respectively. In this manner, the observed N digestibilities were 2.2% higher than expected in the case of the lower DM1 and 3.8% lower than expected in the case of the higher DMI. Steam flaking increased ( P < .O 1) the postruminal digestibility of OM, starch, and N. The increase in postruminal starch digestibility with SF corn can account for 78% of the increase in OM digestibility. Estimates of postruminal digestibility of starch for DR and SF corn averaged 63.6 and 90.9%, respectively (Table 2) , and are consistent with other studies (Cole et al., 1976; Theurer, 1986; Zinn, 1987a Zinn, , 1988b Zinn, , 1989b . Whereas more starch escaped ruminal fermentation with DR vs SF corn, postruminal digestion of starch as a percentage of intake was not different ( P > .lo). Karr et al. (1966) suggested that variation in postruminal digestibility of starch is due to limitations of amylolytic capacity. But in their work total tract starch digestibility exceeded 98%. There has been no indication that under practical feeding conditions amylase secretion is inadequate (Van Hellen et al., 1978) . Furthermore, changes in intestinal pH (Zinn and Owens, 1980) or transit time have not been found to limit starch digestion in the small intestine. Because intestinal retention time plays a lesser role in starch digestion , it seems that surface area or accessibility of starch to the enzymatic process is the primary limiting factor.
The amount of starch entering the small intestine was similar for DR corn at the lower DM1 (489 g) and SF corn at the higher DM1 (433 g). Yet, postruminal digestibility was 46% greater for SF corn. This increase might be expected based on differences between raw and gelatinized cornstarch in rates of enzymatic hydrolysis (Walker and Hope, 1963) . Furthermore, comparing DR corn at the two levels of DM1 (Table 2 ) it can be seen that whereas the amount of starch entering the small intestine increased 47% with level of DMI, the proportion of starch digested was similar (66 vs 62%). Thus, availability, rather than enzymatic capacity, seems to be the limiting factor influencing postruminal starch digestion. Largely independent of the amount of starch entering the small intestine, postruminal starch digestion of DR and SF corn averaged 64 and 91%, respectively ( Table 2) .
Small improvements in postruminal N digestibility with SF vs DR corn is consistent with previous studies (Cole et al., 1976; Spicer et al., 1986; Zinn, 1988b, 198913) . Individual starch granules are encapsulated in a protein matrix that acts as a primary barrier t o starch hydrolysis. This matrix comprises roughly 89% (Watson, 1987) of the protein in corn, and as starch digestibility increases postruminal N digestibility is increased with SF corn. These conclusions are supported by previous trials (Zinn, 1989a) .
Increasing DM1 decreased ( P < .05) total tract digestibility of OM and DE by 3.9 and 4.3%, respectively. The influence of DM1 on total tract digestibility has not been consistent (Moe et al., 1972 ). Whereas DE decreased with level of DMI, ME tended to increase (1.796, P < .lo). This increase in ME is consistent with the DM1 effects on estimated methane production (Table 3) . Blaxter and Clapperton (1965) observed that methane production decreased with increasing DMI. Based on their equation (MEL = 1.30
, where MEL is methane energy loss as a percentage of GE, D is percentage DE at near maintenance level of intake, and DM1 is in multiples of maintenance) the predicted methane energy loss at the low and high DM1 are 7.92 and 6.79%, respectively. The corresponding estimates of methane energy loss based on estimates of methane production (Table 3 ) and ruminal OM fermented are 7.66 and 5.82%, respectively. These estimates are in reasonably close agreement with predicted values based on equations of Blaxter and Clapperton ( 1965) .
Steam flaking increased apparent total tract digestibility of OM (8.4%, P < .Ol), starch (10.4%, P < . O l ) , and N (7.2%, P < .05). Digestibility of ADF was similar ( P > . l o ) for the two processing treatments.
The increase in starch digestibility accounted for 78% of the increased OM digestibility with the SF corn diet. With the SF corn diet the DE, ME, NE,, and NEg were increased ( P < .01) 6.9, 10.0, 12.8, and 17.196 , respectively. The percentage improvements for SF vs DR corn diets were similar a t both the low and high DMI.
Improved total tract digestibility of OM, starch, and N, along with little or no change in fiber digestibility, has been a consistent observation with studies comparing SF and DR corn diets (Johnson et al., 1968; Cole et al., 1976; Zinn, 1987a Zinn, , 1988b . The magnitude of the response t o SF will vary depending on degree of processing and level of processed grain in the diet (Zinn, 1989a (Zinn, 198813, 1989b) . The improvements in NE values of 14.3 and 18.1%, respectively, for maintenance and gain are in good agreement with estimates of 13.4 and 17.3% based on feedlot growth performance using comparative slaughter techniques (Zinn, 1987a) . Current tables of feed standards (NRC, 1984) indicate an improvement of 6.2 and 7.7%, respectively, for NEm and NE,. Thus, the improvement in NE value of corn with SF is underestimated by roughly 55% in current tables of feed standards (NRC, 1984) .
Implications
Corn processing was the primary factor influencing site and extent of starch digestion. Decreasing dry matter intake increased digestible energy value of the diet; however, in terms of metabolizable energy this benefit was abolished as a result of increased percentage of energy loss as methane. For feedlot diets intended for either ad libitum or limit-feeding programs tabular energy values can be used. Steamflaking increased net energy for maintenance and gain of corn by 14.3 and 18.1%, respectively. This advantage for steam-flaked corn was not influenced by level of dry matter intake.
